Different from the traditional configuration of hierarchical cellular, we introduce the joint base-station multi-antenna multi-beam and channel assignment scheme for hierarchical cellular in this paper. The proposed scheme is based on multi-beam base-station antenna splitting in the elevation-radiating plane, and a dynamic channel allocation scheme by combining the adaptive antenna technologies. Simulation results show that the proposed configuration of the hierarchical cellular can enhance the spectral efficiency remarkably.
Introduction
Recently, considerable research efforts have been put into hierarchical cellular system and dynamic channel assignment [1] [2] [3] [4] [5] [6] [7] . In order to alleviate the mobile fundamental contradiction between the limited frequency resources of mobile communication and the growing number of users, the importance and necessity of research on the application of radio resource management are becoming more apparent. The effective use of the adaptive antennas and channel resources can resolve the abovementioned contradiction [8] [9] [10] [11] [12] [13] [14] . In the past decade, the adaptive antennas have been proposed to improve the spectrum efficiency and provide a new approach to the next-generation networks, which have been considered as one of most important technologies in the wireless communications [15] [16] [17] [18] . By adopting the basestation adaptive antenna technology [19] [20] [21] , intelligent cell with adaptive array antennas was proposed [22] [23] [24] . On the one hand, the beam can be split or the multibeam method can be adopted to reduce the influence caused by the radio propagation environment, which leads to the improved channel quality and the enhanced system capacity. On the other hand, flexible intercell handover can be realized by controlling antenna beam coverage and transmission power intelligently [25, 26] . The base-station adaptive antennas are adopted to monitor the location of the mobile station and the antenna beam is adopted to track the mobile station. Thus the path can be determined, on which the mobile station can be connected under the limited power. In general, this is an effective method to enhance the system capacity by combining the adaptive antenna technology with the cell technology. An intelligent cell with switch beam is introduced in [17, 27, 28] . In this system, all the beams of the basestation adaptive antennas share available channels and the antenna system is responsible for determining which beam the current location of the mobile station belongs to; thus it uses the antenna switch to connect the radio channel to the beam, correspondingly. Formally, this intelligent cell makes sectorization within cell and the mobile station does not need to handover among beams. Thus, this kind of cell can not only reduce the times of handover but also enhance the route efficiency and system capacity. However, the intelligent needs to track the mobile station, so it is inevitable to be influenced by the number and size of antenna elements, and the capability of reducing co-channel interference and the flexible handover capability are limited. Many hierarchical cellular mechanisms have been proposed for various communication systems with high channel capacity [29] [30] [31] [32] [33] . In this paper, we focus on the hierarchical cellular joint base-station multiantenna multibeam and channel assignment. By combining the adaptive antenna technology, mobile communication cellular technology, dynamic channel allocation fusion concept, and the coverage uniformity description, a vertical adaptive multiantenna technology and a dynamic channel allocation scheme are exploited to design the hierarchical cellular.
Cell Structure Model
We use the adaptive multi-beam antenna in the base station to form the cluster of concentric circles, whose center is the base station by using the vertical division and antenna pitch plane which is shown in Figure 1 . Each cell consists of n concentric whose radii are [0, 1 ], [0, 2 ], . . . , [0, ], and each concentric circle is regarded as a hierarchical cellular. We divided this n concentric to n layers according to the radius of each concentric. For example, the smallest one is the first layer, followed by the second layer,. . ., and the largest one is the th layer, and each of them is marked by Lay 1, Lay 2,. . ., Lay n, and the th layer is formed by the th beam of the base station with multibeam antenna as shown in Figure 1 .
In fact, in order to make sure that each layer of the cell has uniform coverage or that the mobile station has the same received power, we normalize the horizontal beam pattern.
Thus, we can use the elevation beam pattern to gain the th beam pattern ( ) [34] :
where is the propagation loss factor, ℎ is the height of basestation antenna, and = tan −1 ( /ℎ ).
Channel Allocation Scheme
In Figure 2 , a hierarchical cellular system with n layers is established in terms of the method shown in Figure 1 . As we can see in Figure 2 , the number of cell clusters or the frequency reuse factor is (a cell group consists of cells.). We suppose that the reference cell group is shown in the Figure 2 that the layers from inner to outer are the layer 1 interference cell group, layer 2 interference cell group and so on. Figure 2 describes the frequency allocation assignment. We stipulate that the channel group , of the reference cell BS 0,0 is the channel group whose region is annular region
The adjacent frequency region group use the same frequency but the channel group allocation is opposite. In the same cell, the Lay can use the channel of Lay , but Lay cannot use the channel of Lay , where > . As shown in Figure 2 , channel allocation in each layer of the reference cell BS 0,0 from the first layer to the th layer is
Thus in the same frequency adjacent cell (such as BS 1,0 ), the channel allocation in each layer from the first one to the th one is
In order to make the distance of the adjacent areas within the same frequency group be the longest, the priority of channel is provided as follows.
(1) Within the same cell, Lay j should first use the th group of channel; namely, the call users of Lay should use the group , .
(2) Lay j can use the channel of Lay ( < )only when the channels of , are all used and there are idle channels in , .
(3) When Lay and Lay choose the channels of , , where < . Lay has the priority.
(4) We assume that each layer of two adjacent regions with the same frequency uses the same channel whose beam covering forms concentric circles with radii , , and + = +1 ( , = 1, . . . , ), where denotes the order item of layers from inner to outer in the same cell.
Choice of Radius and Channel for Each Layer
In order to know the relationship between the throughput and channel occupancy in cell, we first make the following definitions. We assume that the throughput density per unit area is , and then the probability that there are users in
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The area of the circle whose radius is should be = 2 . Thus we assume that = 2 should be the area of the circle whose radius is (where < ). So the probability that there are users in the area whose radius is :
Consider ≤ :
Then
Thus
4
International Journal of Antennas and Propagation The simulation results about the relationship between a group of hierarchical radius and the throughput density are shown in Figure 3 . The horizontal axis is 's normalized position in , and the vertical axis is the different probabilities with different numbers of channels and throughput densities . It can be seen in Figure 3 that in order to reach the same probability with the same amount of channels, the radius is becoming shorter from inner to outer with the increase of throughput density. Thus we can infer that the distribution of the users is gradually becoming nonuniform, and the layers are becoming closer from outer to inner. Furthermore, the radius of layer is becoming longer when the number of the channels is becoming larger. In other words, when there are more channels, there are more users, so in order to make sure that there are the same number of users in the same unit areas, it is necessary to increase the radius, namely, the area.
In order to implement the channel allocation scheme described above, we use an approximate method to determine the initial set of channel and the channel allocation within the group. Assume that the disc whose radius is is divided into layers, and there are channels in each layer. In other words, the total number of channels in disc is . The first layer's radius is 1 and the probability that channels are allocated in this layer is 1/ . And the second layer's radius is 2 and the probability that there are channels in this layer is 2/ . And the th layer's radius is and the corresponding probability that there are channels in this layer is / and so on. Obviously, if we adopt this method to divide the initial hierarchical radius, we can meet the requirements that are required in the channel allocation and the hierarchical radius. Thus, we can use the following steps to determine the hierarchical radius.
Step 1. Check the total number of channels and the throughput density in cell.
Step 2. Calculate the probability by using formula (2).
Step 3. Determine the number of layers , and determine which is used in calculating the probability { ≤ / }; then the radius of th layer will be confirmed.
Step 4. Return to Step 1 when the number of channels or the number of users is changed. Figure 4 shows a set of computer simulation results to determine the hierarchical radius. When the number of layer is 5, the approximate radius would change with the number of initial set of channels or the different throughput densities. It can be seen from Figure 4 that in order to reach the same probability, the hierarchical radius from outer to inner are becoming smaller with the increase of throughput density under the condition of the same amount of channels. At the same time, the hierarchical radius increases with the growth of channels with the same throughput density. In conclusion, the simulation results from Figure 3 and Figure 4 are consistent, which proves that our approach is significant.
The Impact of the Same Frequency Interference on the Bandwidth Efficiency
Based on the structure of cell and the channel allocation scheme described above, we set a cochannel frequency interference analysis model as shown in Figure 5 . To make the analysis easy, we assume that the average distance between the location of the users in the th layer of BS 0,0 and the center of BS 0,0 is̃0 , . Meanwhile, we assume that the average distance between the center of one of the cochannel frequency interference base stations BS 1,0 in the first layer of interference sources and the users in the th layer of the BS 0,0 is̃1 , , and̃0
where ( , ) denotes the probability that there are channels in the layer whose radius is x:
Thus, we can use the following formula to denote the useful signal power received by the users in the th layer of BS 0,0 :
where is the transmission power of BS 0 , and it is normalized to be 1. Here, Figure 5 takes BS 0,0 and BS 1,0 as examples to analyze the interference of the same frequency. As previously explained in Section 4, the cochannel frequency interference impact on the users in the th layer of BS 0,0 is from the layer of BS 1,0 whose label is ( + 1 − ). And according to the channel allocation scheme described above, we can know that the channels in the th layer of BS 0,0 are borrowed from the th International Journal of Antennas and Propagation whether the th layer of BS 0,0 borrows channels or not, and whether the ( +1− )th layer of BS 1,0 lends channels or not will determine the channel allocation results. Next, the analysis of these four different cases are as following.
(1) BS 0,0 borrows channels and BS 1,0 does not lend the channels.
If the th layer of BS 0,0 borrows the channels from the th layer, it must meet the conditions that there are + 1 users at the same time, and all the channels in the th ( = + 1, . . . , − 1) layer are occupied and there is at least one of channels in the th layer that is not occupied. What is more, if the layers in BS 1,0 do not lend the channels, it must meet the condition that it is not necessary for the layers from ( +2− )to to borrow channels: . (14) Assuming that the interference sources have the equal influence and only the cochannel frequency interference sources in the first layer of BS 0,0 are considered, If the frequency reuse factor is , then the signal to noise ratio CIR 0, in the th layer of BS 0,0 can approximately be
The channel capacity C 0, in the th layer of BS 0,0 follows the Shannon theorem as given in
where 0, is bandwidth provided for the th layer of BS 0,0 . Thus, the channel capacity C 0 of BS 0,0 is
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where 0 is the bandwidth provided for BS 0,0 . Figure 6 shows the relationship between the spectral efficiency and the cochannel frequency reuse ratio D/R. The parameter selection is as follows: the propagation loss factor is = 4, and the height of the base-station antenna is ℎ = 10 m, = 200 m, and throughput density is 1. It can be seen from Figure 6 (a) that = 1 indicates that the cell is not divided, and the spectral efficiency is enhanced by layered cell and channel allocation. And it can be seen from Figure 6 (b) that when the number of layers is the same, the spectral efficiency is improved with the increase of D/R.
Conclusion
In this paper, the hierarchical cellular joint base-station multiantenna multibeam and channel assignment scheme are introduced. Simulation results can prove that this kind of structure of the cell can be an effective method to enhance the spectral efficiency and solve the dynamic hierarchical problems without too much considering the cochannel interference that resulted from it. The key point of the future work is to combine the latest researching progress of multiantenna such as MIMO. Meanwhile, we will study how to take better advantages of the technologies which are applied in the cells to enhance the efficiency of coverage and hence enhance the efficiency and credibility of the transmission system. In the future, we will try our best to find ways to shorten the width of beams and improve the flexibility of beams. All of these are prepared to provide more effective technical support for making the intelligent cell technology come true.
